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INTRODUCTION

This report summarizes the 2016 conditions of the Fox Hills i Hell Creek aquifer in the western

half of North Dakota (Figure 1). North Dakota lawmakers have tasked the Office of the State

Engineer with monitoring, analyzing, and publishing the findings about extending the longevity

and improving the conditions of flowing heads in artesian aquifers. North Dakota Century Code
(N.D.C.C.) 8§ 61-20-06. Duties of state engineer states,

The state engineer shall advise the citizens of the state as to the practicability of measures

affecting the underground waters of this state. The state engineer shall:

1.

Counsel and consult with the owner and assist the owner to work out the most desirable
control and use of the owner's well.

Select at least three representative flowing wells in each county having that number, and
as many more as it may deem advisable.

Cause the record of their flows and pressures to be taken, from time to time, to learn as
much as possible of the decline, fluctuations, and permanence of the artesian supply.
Plan and conduct such other investigations as it may find advisable to ascertain the best
method of prolonging the utility of the same.

Keep a record of the location, size, depth, flow, size of flow, character of water,
construction, and history of all artesian wells of the state, and keep it on file for public
reference.

Secure the enforcement of all laws pertaining to artesian and phreatic waters of the
state.

Publish from time to time, as it may deem advantageous, bulletins containing information

concerning the artesian wells and phreatic waters of the state.

The state engineer may make such additional reasonable rules and regulations governing such

wells as it shall determine.
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Figure 1: Extent of Fox Hills i Hell Creek Aquifer in North Dakota

N.D.C.C. § 61-20-06 dictates that the Office of State Engineer shall monitor the existing flowing

artesian aquifers to learn as much as possible of the decline, fluctuations, and permanence of

the artesian supply. An aquifer may have a flowing well in one location but not in another

location. In this report, a flowing-head well or flowing well refers to a well that has a static

potentiometric surface elevation or water level above the top of the well-casing, thereby allowing

natural flow from the aquifer. Monitoring the water level in the aquifer provides the means for the

Office of the State Engineer to promote water supply conservation and suggest steps to reduce

the rate of decl i ne i nBdnba&flownyariediaa aqaifer, theFex$liisu r e h e a |
i Hell Creek aquifer is a valuable resource in western North Dakota. Flowing wells in low-lying

areas provide some water users access to groundwater without the need for pumps.

Restrictions on large-scale water use have been applied to the Fox Hills i Hell Creek aquifer to
avoid increasing the rate of aquifer pressure head decline. Increasing the rate of pressure head
decline shortens the time flowing-head wells will continue to flow. Because of the small
diameter construction of most flowing-head Fox Hills i Hell Creek wells, once the pressure head



declines below ground surface the wells will no longer be useable as a water source. While not
a water right, the flowing pressure head of Fox Hills i Hell Creek wells in low-lying areas of
western North Dakota is recognized as a valuable asset to many area ranchers (Office of the
State Engineer 2013).

In order to preserve flowing pressure head in low-lying areas, it is the policy of the Office of the

State Engineer to restrict industrial access to the Fox Hills i Hell Creek aquifer where other

suitable sources are available. The restriction is not a moratorium on future Fox Hills i Hell

Creek water use, but takes into consideration the quantity of water needed and the proximity of

flowing-head wells to the proposed water use (Office of the State Engineer 2013). To fulfill this

responsibility, the Office of the State Engineerhas moni tored the trends in t
pressure head and groundwater chemistry on a decadal frequency for over 50 years. The

aquifer conditions were last analyzed in 2006 (Honeyman 2007a-c). This report presents the

2016 conditions without geographically-based grouping of the wells (site locations) as done in

Honeyman 2007a-c.

FOX HILLS T HELL CREEK AQUIFER

The Fox Hills i Hell Creek aquifer extends throughout western North Dakota into Montana,
South Dakota, and Wyoming. The aquifer consists of the marine Fox Hills formation and the
overlying non-marine Hell Creek formation. The Fox Hills formation includes sand and gravel
deposits from ancestral beaches and river deltas and offshore deposits with occasional marine
fossils. The Hell Creek formation, on the other hand, includes the back-beach and river flood
plain landform deposits. Recharge to the aquifer most likely occurs in southwestern North
Dakota (Bowman County), northwestern South Dakota, southeastern Montana, and
northeastern Wyoming (Fischer 2013). Aquifer discharge occurs mainly via flowing wells.
Because the uncontrolled discharge rate from all naturally flowing wells that are screened in the
aquifer is larger than the recharge rate, the aquifer head continues to decline (Long et al. 2018).
The total precipitation in Bowman County between 2006 and 2016 is 20% more than the total
precipitation between 1996 and 2006.

Using the depths of test holes and the screen bottom of the 907 boreholes screened in the
aquifer (Figure 1), the spatial distribution of the Fox Hills i Hell Creek well depths is displayed in
Figure 2. In general, the aquifer is deeper in western North Dakota. The well depth ranges from

less than 50 feet below ground surface along its eastern extent to about 2,000 feet below



ground surface towards its western extent in North Dakota. Contoured depths close to a cluster

of boreholes are more accurate than contours in areas with scarce boreholes.
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Figure 2: Depth of Wells Installed in the Fox Hills i Hell Creek Aquifer

Reported water use from the aquifer has decreased since 1990. Municipal use has decreased
more than industrial water use (Figure 3). The fluctuation in the reported annual use for

industrial purposes can be attributed to changes in oil activity in western North Dakota that uses
water for desalinization in oil wells. The appropriated municipal water use from the aquifer has
been declining since the mid 1990s because of Southwest Water Authorityd s r egi onal
supply. The reported water use before 2007 has been updated since Honeyman (2007a-c)
published his findings.

wat el
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Figure 3: Reported Water Use from Fox Hills i Hell Creek Aquifer
DATA ACQUISITION

Aquifer pressure head, flow rate, and water quality samples were collected from observation
and private wells for the analysis. The State Water Commission (SWC) installs and maintains
observation wells for groundwater monitoring. The private wells complement the information
observation wells provide. Private wells were constructed as water supply wells rather than for
monitoring changes in the aquifer. Completion of a consent form was required prior to shutting
in any private well to give the owner the opportunity to assess the condition of their well before

volunteering to be part of this study.

The SWC measured potentiometric surface elevation or collected groundwater samples for
analysis of the 2016 conditions at 107 Fox Hills T Hell Creek wells (Table 1). Additional well
information is listed in the appendix. The wells include 74 SWC observation wells monitored
until at least 2016. The wells also include 33 private wells (four which were not flowing). The
plumbing on two of the private wells (14408510CCA and 15209824CCC) prevented measuring



their shut-in pressure heads. The head at 14309014DDA dropped below ground surface prior to
2016. The appendix lists the range of dates during which potentiometric surface elevation
measurements were taken during 2016 and the historic date range during which groundwater
samples were collected for quality analysis, and the respective count of each event. The SWC
monitors the potentiometric surface elevations and collects water samples for quality analysis
on different rotations. While potentiometric surface elevations are measured on monthly,
seasonal or annual basis, groundwater quality samples from a well are collected and analyzed
approximately once every five years. Some of the observation wells listed in the appendix have
been plugged since 2016. Burke, Bottineau, Mountrail, Ward, McLean, Sheridan, and Adams
counties have no Fox Hills i Hell Creek wells that were measured as part of this study. Public
data about any of the listed wells can be accessed with resources available at http://swc.nd.gov.
The site location gives the legal description of a well location. For example, well 13207022BBB
is located in the NW¥NWY2NWY¥4 of Section 22, Township 132 North, Range 70 West. The
letters represent quarter sections with A, B, C, and D representing the NE, NW, SW, and SE

guarters, respectively.

About 34% of the measured wells reported in Honeyman (2007a-c) were not included in this
report (Figure 4) because the deteriorating conditions of the casings or the plumbing of some
wells, wells no longer exist, or well owners could not be reached or abstained from signing the
consent form. Figure 4 also shows the private wells that were used for the 2016 field
measurements but not for 2006. The figure also displays the purpose of the private wells and if
they were flowing in 2006 or 2016. Table 1 identifies the wells that were flowing in 2016 (text

continues on page 11).


http://swc.nd.gov/

Table 1: Wells Used for Monitoring 2016 Conditions of Fox Hills i Hell Creek Aquifer

Screened

Sitg Date Casing Djam eter Interval I_:Iowing
Location Installed Material (inches) (feet bgs) in 2016
12908023DDD Sioux 6/5/73 PVC 1.25 138 - 142 no
12908101BAB Sioux 6/5/73 ABS 1.25 98 - 104 no
12910434ADA2 Bowman 9/30/10 PVvC 2 520 - 540 no
13008517DAA Sioux 10/23/72 ABS 2 219 - 244 no
13008628CCC1 Sioux 6/11/73 Steel 2 406 - 424 no
13008628CCC2 Sioux 6/11/73 PVC 1.25 204 - 210 no
13108930AAA Grant 6/16/73 Steel 2 791 - 809 no
13110207DDD1 Bowman 7/10/72 Steel 2 951 - 963 no
13207022BBB1 Mcintosh 8/26/76 ABS 1.25 158 - 164 no
13209128DDD Hettinger 8/26/68 Steel 4 NA - 1030 no
13210516BDB2 Bowman 10/3/11 PVC 2 575 - 595 no
13210516BDB3 Bowman 10/12/11 PvC 2 428 - 448 no
13308031CCD1 Sioux 5/10/73 PVC 1.25 168 - 180 no
13308312ADA1 Grant 5/16/73 ABS 1.25 218 - 230 no
13310613ADB2 Slope 716177 PVvC 1.25 223 - 229 no
13407515BBB Emmons 10/24/72 ABS 1.25 97 - 103 no
13408236DCD Sioux 8/23/71 Steel 2 145 - 157 no
13507315DCC Logan 11/15/78 PVvC 1.25 99 - 105 no
13509023BBB1 Grant 517173 Steel 2 1029 - 1047 no
13509704DCA Hettinger 9/3/68 Steel 4 1320 - 1360 no
13607316CBC1 Logan 6/12/79 PVC 1.25 158 - 164 no
13607322AAA Logan 11/3/78 PVvC 1.25 197 - 203 no
13607607BCC Emmons 10/17/72 ABS 1.25 77 - 83 no
13607807BDB Emmons 9/2/71 ABS 1.25 227 - 239 no
13608107DDC1 Morton 10/8/74 Steel 2 445 - 457 no




13608107DDC2

13608130BBB

13608225DDA1

13608225DDD

13610211BBB

13610211DAD

13610221DBD

13610324AAB

13610324ACC

13710206CAC

13710207AAD

13710312BAB

13808002BCA2

13808002BCA3

13810301BAB

13907317CDBA

13907317CDBA2

13907927DCA

13908731DDA

13909607AA

13910217CAC2

13910220DAD

13910231BBB

14010210DCA

14010530CCC6

14109019CCD

14208424BBA

14308918ACC

14308919ACB

Morton
Morton
Morton
Morton
Slope
Slope
Slope
Slope
Slope
Billings
Billings
G. Valley
Burleigh
Burleigh
G. Valley
Kidder
Kidder
Burleigh
Morton
Stark
Billings
Billings
Billings
Billings
G. Valley
Mercer
Oliver
Mercer

Mercer

10/9/74

5/19/11

5/17/11

5/18/11

NA

1/1/69

1/1/69

1/1/69

NA

NA

9/29/80

NA

5/4/06

8/27/08

NA

10/19/98

10/20/98

3/25/76

6/28/13

6/8/81

7125173

NA

NA

6/21/84

9/27/84

4/19/67

11/29/67

8/1/64

NA

Steel

PVC

PVvC

PVC

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

PVvC

PVvC

Steel

PVC

PVvC

ABS

PVvC

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

1.25

357 - 369

150 - 160

267 - 287

142 - 152

NA

NA

NA

800 - 840

NA

NA

1010 - 1040

NA

433 - 453

70 - 80

NA

228 - 238

125-135

412 - 418

1034 - 1054

1713 - 1962

1054 - 1104

NA

NA

1155 -1280

1050 - 1130

1142 - 1142

966 - 966

NA - 1380

NA - 1280

no

no

no

no

yes

yes

yes

yes

yes

yes

yes

yes

no

no

yes

no

no

no

no

no

yes

yes

yes

yes

no

no

no

yes

yes



14309014DDA

14309024ABC

14309024BAB

14310533BAB

14408510CCA

14408914CDD

14409004BBA

14409110CBC

14410322CCD

14509803DDD1

14609020CCC

14610227BCA

14710020DDB2

14807336AAA

14909509CDD

14910406ADB

15009922BBA1

15010404AAB

15107009ACA1

15109504DBD2

15110311AAA

15110404AAA

15207104BBA1

15207105ADA1

15207105CCCC1

15209824CCC

15209903ABC

15210114DCA

15210115ADD

Mercer
Mercer
Mercer
G. Valley
Mercer
Mercer
Mercer
Dunn
G. Valley
McKenzie
Mercer
McKenzie
McKenzie
Wells
McKenzie
McKenzie
McKenzie
McKenzie
Benson
McKenzie
McKenzie
McKenzie
Benson
Benson
Benson
McKenzie
McKenzie
McKenzie

McKenzie

11/12/74

NA

1/1/64

8/25/75

1/1/66

1/1/69

7/25/64

11/2/76

NA

8/14/81

6/18/68

2/12/74

11/28/72

6/4/14

7/17/84

7/6/71

9/1/80

712577

6/16/15

5/26/83

5/7/85

12/26/73

6/2/15

6/2/15

8/4/98

6/21/75

8/19/74

7/3/76

6/22/82

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

Steel

PVvC

Steel

Steel

Steel

Steel

PVvC

Steel

Steel

Steel

PVC

PVvC

PVC

Steel

Steel

Steel

Steel

1.25

1.25

2.5

1361 - 1445

NA

NA - 1280

1153 - 1177

900 - 900

1241 - 1281

1265 - 1265

1450 - 1575

1239 - 1280

1659 - 1683

1540 - 1574

1260 - 1310

1290 - 1330

48 - 53

1539 - 1564

1192 - 1220

1742 - 1772

1340 - 1380

55-60

1407 - 1432

1680 - 1753

1342 - 1405

68 -73

40 - 45

72-77

1680 - 1730

1560 - 1610

1735 - 1855

1532 - 1547

no

yes

yes

no

no

yes

yes

yes

yes

no

no

yes

yes

no

no

yes

no

yes

no

no

no

yes

no

no

no

no

yes

yes

yes



15307119AAAA1L Benson 8/5/98 PVC 2 735-78.5 no

15307129AAB1 Benson 6/16/15 PVC 2 63 - 68 no
15307133DDD1 Benson 6/17/15 PVC 2 46 - 51 no
15307133DDD2 Benson 6/17/15 PVC 2 16-21 no
15307203DDD Pierce 11/15/68 PVvC 1.25 58 -61 no
15309423CCC1 McKenzie 8/5/80 Steel 2 1743 - 1767 no
15309611ADA McKenzie 6/17/87 Steel 4 1289 - 1370 no
15309620DCB1 McKenzie 7/28/84 Steel 4 1433 - 1500 no
15407111AAD1 Benson 8/14/68 ABS 1.25 42 - 45 no
15407836AAA3 McHenry 7/31/00 PVC 2 282 - 292 no
15407836AAA4 McHenry 8/1/00 PVC 2 211-221 no
15407836AAA5 McHenry 8/2/00 PVvC 2 107 - 112 no
15607312CCC Pierce 10/25/67 PVC 4 73-78 no
15607722CCC McHenry 7/30/75 ABS 1.25 78 - 81 no
15609620DCD Williams 9/6/84 Steel 4 1302 - 1350 no
15707534BBB McHenry 8/20/12 PVC 2 174 - 179 no
15807116DDD Pierce 8/9/68 ABS 1.25 67-73 no
15807624DAC3 McHenry 6/4/03 PVvC 2 70-80 no
15910216AAD Williams 6/6/85 Steel 4 1302 - 1372 no
16108424DDD Renville 8/30/79 Steel 2 470 - 488 no
16209523CCC1 Divide 6/17/85 Steel 4 1440 - 1475 no
16307311CCC1 Rolette 8/22/78 Steel 2 406 - 412 no
16307311CCC2 Rolette 8/23/78 Steel 2 269 - 275 no
16310116DDD Divide 10/4/82 Steel 2 1055 - 1079 no

G. Valley = Golden Valley; NA = not available; bgs = below ground surface
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Figure 4: Participant Fox Hills i Hell Creek Wells Imposed on Ground Surface Elevation

AQUIFER PRESSURE HEAD AND UNCONTROLLED FLOW
RATE

To obtain analogous iso-potentiometric contours between 2006 and 2016 (Figure 5), only the 65
wells that were measured in both 2006 and 2016 were included. These include observation
wells, and flowing and non-flowing private wells. None of the observation wells monitored by the
SWC are flowing above ground surface. By placing observation wells in locations higher in
elevation than the pressure head, the SWC can monitor the aquifer conditions without the
added cost of maintaining flowing wells during the winter season and eliminate the negative
impacts (e.g. increasing soil saturation, soil salinity, and soil erosion) on the local landscape. All
of the flowing (private) wells are located in low-lying areas along the Little Missouri River,
Yellowstone River, or Knife River. A pressure gauge was used to measure pressure head at the
wellsafteran 6 unr dlewratel neds@em@nt was taken.

The iso-potentiometric contours indicate no drastic changes in pressure head over the past

decade. There is more variation in the iso-potentiometric contours over the western portion of

11



the aquifer where the pressure head declined between 2006 and 2016 than over its eastern
portion (Figure 5). The figure clearly shows that the aquifer head continues to decline over the
area where it is naturally flowing and the aquifer head is recovering where the aquifer head is
below ground surface. The more data points available for constructing the iso-potentiometric
contours, the more accurate the contours are expected to be. Sampling the same locations over
a long period of time is better for comparative analysis. Having more data points with diverse
and wide spatial distribution can improve the approximation of the contours. The SWC
continues to replace old wells and maintain a spatial distribution of sample points over all
portions of the aquifer to accommodate the duties of the State Engineer as described in
N.D.C.C. § 61-20-06.
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Figure 5: Two-Foot Contours of Decadal Changes in Fox Hills i Hell Creek Aquifer Head

The pressure heads versus shut-in time, and the measured flow rates of the 29 flowing private
wells are summarized in Table 2. Data collection for pressure head measurements took place in
August, October, and November of 2016. Pressure heads were recorded up to two hours (120

minutes) after shut in. However, pressure head at most wells stabilized within 60 minutes of

12



shut in. Moreover, wells supplying households were not measured for the full two hours
because no water could be used when the pressure head is measured. The absence of
pressure head recovery (no change) or negative pressure head recovery implies corroded well
casing through which water is leaking and pressure head is lost. The flow rates ranged between
1 and 30 gallons per minute. The pressure heads at the wells where head did not stabilize
within 60 minutes of shut in are:

» At 70 minutes after shut in, the pressure head was 31.5, 32.6, 133.0, and 15.6 feet at
13610211BBB, 14308918ACC, 15209903ABC, and 15210114DCA, respectively.

= At 80 minutes after shut in, the pressure head was 32.5, 33.0, 134.0, and 15.6 feet at
13610211BBB, 14308918ACC, 15209903ABC, and 15210114DCA, respectively.

= At 100 minutes after shut in, the pressure head was 32.5, 33.5, 134.0, and 15.7 feet at
13610211BBB, 14308918ACC, 15209903ABC, and 15210114DCA, respectively.

= At 120 minutes after shut in, the pressure head was 33.0, 34.0, 134.0, and 16.0 feet at
13610211BBB, 14308918ACC, 15209903ABC, and 15210114DCA, respectively.
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Table 2: Flow Rate and Shut-In Pressure Head (feet) at Participating Wells

Site Average
: Flow Rate

Location (gpm) 1 2 3 4 5 7 9 12 15 20 25 30 35 40 50 60
13610211BBB 2 25 | 255 | 26 | 265 | 265 | 27 [ 275 | 28 | 285 | 29 | 2905 | 30 | 30 [ 305 | 31 | 315
13610211DAD 6 245 | 245 | 245 [ 245 | 25 | 25 | 25 | 25 | 255 | 255 [ 255 | 26 | 26 | 26 | 265 [
13610221DBD 3 47 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48 | 48
13610324AAB 1 9 9 [ 95 | 95 [ 95 | 10 [105 ] 105 105 | 12 | 112 [ 11 | 11 | 115 [ 115 ] 115
13610324ACC 1 35 | 35 | 4 [ 45 | 45 | a5 | 45 | 45 | 5 5 5 5 5 5 5 5
13710206CAC 30 85 | 85 | 85 | 85 | 85 | 85 | 86 | 86 | 8 | 8 | 86 | 80 | 81 | 85 | 85 | 85
13710207AAD 2 5 5 5 5 5 | 51 | 55 | 55 | 55 | 55 | 55 | 55 | 55 |56 |55/
13710312BAB 10 63 | 64 | 64 | 64 | 65 | 65 | 65 | 65 | 65 | 65 | 65 | 65 | 65 | 65 | 65 | 65
13810301BAB 8 40 | 40 | 40 | 40 | 40 | 405 | 405 | 405 | 405 | 405 | 405 | 405 | 405 | 40.5 | 405 | 405
13910217CAC2 14 45 | 45 | a5 | 45 | 45 | 45 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46 | 46
13910220DAD 7 38 | 38 | 38 [382| 39 [3905] 40 | 40 | 40 | 40 | 40 | 41 | a1 | 41 | 41 | 4
13910231BBB 8 395 40 | 4 [ 41| 41| ;|4 | 4| s s 4| 4| | a| a4
14010210DCA NA 128 | 128 | 128 | 128 | 120 | 128 | 129 | 129 | 129 [ 128 | 129 | 129 | 129 | 129 | 129 | 129
14308918ACC NA 255 | 26 | 27 [ 274 | 278 | 28 [ 285 | 29 | 205 | 298 [ 305 | 30.7 | 31 [ 314 | 318 | 323
14308919ACB 3 58 | 59 | 60 | 60 | 60 | 61 | 62 | 61 | 61 | 63 | 62 | 62 | 63 | 63 | 63 1/
14309024ABC 5 155 | 155 | 156 | 156 | 15,7 [ 159 | 16 | 16 | 16 | 162 | 164 | 165 | 165 | 165 | 16.6 | 16.6
14309024BAB 2 115 | 121 | 124 | 125 [ 125 | 13 | 13 | 13 | 132 | 134 | 134 | 134 [ 135 | 135 | 135 | 135
14408914CDD 14 134 | 135 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136 | 136
14409004BBA 1 35 | 35 [ 36 | 37 | 4 | 41| 44 | 45 | 47 | 51 | 55 | 56 | 56 | 56 | 56 | 56
14409110CBC 8 56 | 57 | 58 | 58 | 57 | 57 | 57 | 56 | 56 | 56 | 56 | 57 | 57 | 57 | 57 | 57
14410322CCD 12 42 | 45 | a5 | 45 | 45 | 45 | 45 | 45 | 45 | a5 | 45 | 45 | 45 | 45 | 45 | 45
14610227BCA 5 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 290 | 29 | 29 | 29
14710020DDB?2 22 120 | 122 | 122 | 122 | 123 | 124 | 124 | 124 | 124 | 124 | 124 | 124 | 124 | 124 | 124 | 124
14910406ADB 15 94 | 94 | o5 [ 95 | 95 | 95 [ 96 | 97 | 97 | 97 | 98 | 100 | 103 | 108 | 108 | 108
15010404AAB 30 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138 | 138
15110404AAA 30 158 | 159 | 159 | 159 | 150 | 159 | 159 | 159 | 159 | 159 | 159 | 150 | 159 | 159 | 159 | 159
15209903ABC 25 129 | 130 | 130 | 130 | 130 | 130 | 130 | 130 | 131 | 131 | 131 | 131 | 132 | 132 | 133 | 133
15210114DCA 1 125 | 13 | 135 [ 135 | 14 [ 142 [ 144 [ 145 ] 15 [ 151 | 151 [ 151 [ 152 | 154 | 155 | 155
15210115ADD NA 73 | 74 | 74 [ 74 | 74 | 74 | 74 | 74 | 75 | 75 [ 75 | 76 | 76 | 76 | 76 | 76
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Figure 6 through Figure 10 show the historic trends in the potentiometric surface elevations at
select locations of the Fox Hills i Hell Creek aquifer. The hydrographs show wells that had at

least three pressure head measurements prior to 2016. Figure 6 displays the hydrographs of

wells with potentiometric surface elevations between 1950 and 2250 feet (Township 143 North

through Township 152 North) without any warning signs of the onset of well issues developing
between 2006 and 2016. However, the first reading of 15210115ADD seems to be erroneous.
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Figure 7 shows the hydrographs of wells with increasing pressure heads since 2006. Recovery
in the pressure head is likely an indication there has been less discharge from the aquifer or
increase in recharge at local areas. Less discharge can be the result of wells that are no longer
in use, decreasing efficiency of nearby wells, wells ceasing to flow, or better conservation of
water by shutting in wells when not in use could all lead to a recovery in the pressure heads.
Between 1994 and 2005, municipal well 14409110CBC noticed a recovery in pressure head
because the City of Dodge connected to SouthwestWat er Aut hori tyds regional
reducing its need to use its municipal well. That in turn lead to the recovery of pressure head at
the well. Because the city of Zap started using alternative sources to satisfy its water demand,
domestic well 14408914CDD noticed similar effects. The effects on the pressure head at
14408914CDD are not as pronounced as they were on 14409110CBC, because the City of Zap
continued using the municipal well sporadically. Stock well 14308919ACB showed recovery in
pressure head between 1994 and 2005 too but because it was shut in.
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Figure 8 shows the hydrographs of wells with potentiometric surface elevations between 2350
and 2550 feet (Township 136 North through Township 140 North). Because the trends in the
potentiometric surface elevations at 13610221DAD and 13610221DBD are not similar to those

at 13610211BBB, Figure 9 clearly shows that the erratic trend in the potentiometric surface
elevations at 13610211BBB is related to the well rather than the aquifer.
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Figure 10 shows the hydrographs of wells with potentiometric surface elevations within the

same range that have increased since 2006. Extrapolating based on two values provides

frivolous results at best. Better statistical measures and approximations are usually associated
with larger pool of data points. The wells 13610324ACC, 13810301BAB, 13910220DAD,
13910231BBB, and 14410322CCD were excluded from the elevation trend charts, because

each well has only one or two potentiometric surface elevation measurements.
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Figure 11 through Figure 13 show the inconsistency in the behavior of potentiometric surface
elevations at select locations. Figure 11 shows that the rate of decline in the head at the Fox
Hills i Hell Creek aquifer at 13110207DDD1 since 1990 is slower than the rate of decline until
the early 1990s. Moreover, the potentiometric surface elevations appear to be approaching a
guasi-equilibrium state. The decline in potentiometric surface elevations at this location is
associated with the appropriated irrigation use of groundwater in that quarter section. Figure 12
clearly shows similar behavior change at 15309611ADA and 15309620DCBL1 after the release
of trapped gas (Honeyman 2007b). Figure 13 shows the response of the aquifer potentiometric
surface elevation to aquifer recharge and discharge processes along the northeastern edge of
the aquifer. The figure also shows that factors besides the proximity of two wells to each other
influence measured aquifer response. Figure 14 displays the location of the private and

observation wells discussed above (text continues on page 23).
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Figure 12: Potentiometric Surface Elevations at Select Fox Hills i Hell Creek Observation Wells
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